In the present work, for the first time the quantum calculations of Ethyl-(Z)-3-phenyl-2-(5-phenyl-2H-1,2,3,4-tetraazol-2-yl)-2-propenoate are evaluated using the HF and B3LYP methods with 6-311++G** basis set. The geometry of the title compound was optimized by B3LYP/6-311++G** level of theory. The theoretical 1 H and 13 C NMR chemical shift values of the title compound are calculated and compared with the experimental results. The computed data are in good agreement with the experimental data. Frontier molecular orbitals (FMOs), molecular electrostatic potential (MEP), energy gap between HOMO and LUMO, electronic properties, thermodynamic parameters, natural charges distribution (NBO charges) and NBO analysis were investigated and discussed by theoretical calculations.
Introduction
Tetrazole derivates are compounds with the high biological activities and various procedures have been developed for their syntheses [1] [2] [3] [4] . Tetrazole derivatives have biological activities such as fungicidal, antiviral (including HIV) antimicrobial, antiinflammatory, antilipemic, anticancer, antihypertensive and antiallergic activities [5] . Tetrazoles have applications in pharmaceuticals as lipophilic spacers and carboxylic acid surrogates, and in coordination chemistry as ligands [6] .
In recent years, computational chemistry has become an important tool for chemists and a wellaccepted partner for the experimental chemistry [7] [8] [9] . Density functional theory (DFT) method has become a major tool in the methodological arsenal of computational organic chemists. In 2012, Rafie H. Abu-Eittah and coworker [10] reported a theoretical DFT study on the structural parameters and azide-tetrazole equilibrium in substituted azidothiazole systems. The results indicated electron donor substituents shift the equilibrium to the tetrazole isomer and in some cases the azide isomer cannot be isolated. Also Electron withdrawing substituents shift the equilibrium the azide isomer, in some cases, the tetrazole isomer cannot be isolated. The molecular structure, IR, NMR spectra and various other molecular properties of 7a-Aza-B-homostigmast-5-eno tetrazole have been computed using B3LYP method with 6-311G(2d,p) level of theory by Mahboob Alam and coworkers [11] . They simulated the NMR spectra in gaseous and solution phase (using PCM model) by GIAO approach at same level of theory. The theoretical results are compared In recent years, there has been an increasing interest in the applications of acetylenic esters in multicomponent synthesis, especially for preparing stabilized phosphorus ylides [13] [14] [15] [16] . Recently, we have established a one-pot method for the synthesis of organophosphorus compounds [17] [18] [19] . We have reported the regioselective and stereoselective preparation of electron-poor N-vinyl tetrazoles from the acetylenic esters and 5-benzyl-2H-tetrazole in the presence of triphenylphosphine and the structure of one of the products, namely compound ethyl-(Z)-3-phenyl-2-(5-phenyl-2H-1,2,3,4-tetraazol-2-yl)-2-propenoate was confirmed by single-crystal X-ray analysis [20] . In the present work, we investigate the energetic and structural properties of crystal structures ethyl-(Z)-3-phenyl-2-(5-phenyl-2H-1,2,3,4-tetraazol-2-yl)-2-propenoate [20] using the HF and DFT calculations. The optimized geometry, 1H and 13C NMR analysis, frontier molecular orbitals (FMO), detail of quantum molecular descriptors, molecular electrostatic potential (MEP), natural charge and NBO analysis of the title compound were calculated.
Computational Methods
In this work, we have carried out quantum theoretical calculations and have optimized structure of the title compound using the HF and DFT (B3LYP) [21] methods with 6-311++G** basis set by the Gaussian 09W program package [22] and calculate its properties ( Fig. 1(b) ). The electronic properties such as dipole moment (μD), point group, EHOMO, ELUMO, HOMO-LUMO energy gap (∆E) and natu-ral charges was calculated [23] . The optimized molecular structure, HOMO and LUMO surfaces were visualized using GaussView 05 program [24] . Also we calculated NMR parameters such as 1H and 13C chemical shifts [25] of the title compound using the HF/6-311++G** and B3LYP/6-311++G** levels. The electronic structure title compound were studied by using Natural Bond Orbital (NBO) analysis [26] using B3LYP/6-311++G** level in order to understand hyperconjugative interactions and charge delocalization.
Results and Discussion

Optimized geometry
The optimized geometry of ethyl-(Z)-3-phenyl-2-(5-phenyl-2H-1,2,3,4-tetraazol-2-yl)-2-propenoate is performed by HF and DFT/B3LYP methods with 6-311++G** basis set (see Fig. 1(b) ). The title compound has C1 point group symmetry. The total energy of the title compound has been calculated by HF and B3LYP methods are -1058.6721949 and -1065.2420646 Hartree, respectively (see Table 1 ). The selected experimental and calculated geometrical parameters of the title compound such as bond lengths (Å), bond angles (°) and torsion angels (°) have been obtained by HF and B3LYP methods are listed in Table 2 . As can be seen in Table 2 , the calculated parameters show good approximation and can be used as a foundation to calculate the other parameters for the title compound. According to Table 2 , the average differences of the theoretical parameters from the experimental for bond lengths of the title compound were found to be low. We found that most of the calculated bond lengths are slightly longer than X-ray values that it is due to the fact that exper-imental result corresponds to interacting molecules in the crystal lattice, whereas computational method deals with an isolated molecule in gaseous phase [27] . From Table 2 , it is found that the C1-N14 bond lengths in X-ray (1.437Å) and optimized structure (1.423Å by HF and 1.428Å by B3LYP) of the title compound are shorter than the normal single C-N bond length (1.472Å), that is due to conjugation effect of nitrogen atom with C1=C7 group. The C=O bond length is shorter than C-C bond lengths, due to strong electron-withdrawing nature of oxygen atom. The C2=O3 experimental bond length of the carbonyl group 1.208Å, whereas the calculated bond length by HF and B3LYP methods 1.183Å and 1.207Å respectively, therefore it has typical double-bond character. The bond angel of C1-N14-N15 in the X-ray structure is 123.60° and the calculated bond angel by HF and B3LYP methods is 123.5° and 123.7° respectively, therefore they are close to the typical hexagonal angle of 120° for sp2 hybridiztion. The bond angel of C16-N17-N18 in the X-ray and by HF and B3LYP methods is 106.78°, 106.4° and 107.0° respectively, which they are smaller than typical hexagonal angle of 120° due to angle strain in tetrazole ring. Also they are smaller than typical angle of 108° for five-membered ring due to electron-withdrawing nature of nitrogen atoms of tetrazole ring. As seen from Table 2 , the bond angel of C19-C20-C21 of phenyl ring in the X-ray and by HF and B3LYP methods is 106.78°, 106.4° and 107.0° respectively 120.13°, 120.1° and 120.1° respectively, which they are close to the typical hexagonal angle of 120°. In addition, the hydrogen bonds length values of experimental [20] and theoretical of the title compound summarized in Table 3 . X-ray diffraction analysis of the studied compound shows that the structure is stabilized by intramolecular hydrogen bond. According to experimental results is obtained [20] , it revealed that the title molecule has two intramolecular hydrogen bonds (see Fig. 1 (a)). By knowing the bond length, the strength of the hydrogen bond can be determined as very strong (below 2.5Å), strong (2. a Taken from Ref. [20] .
NMR chemical shift analysis
In the present study, the theoretical 1H and 13C NMR chemical shift values of the title compound were calculated by HF and B3LYP methods with 6-311++G** basis set using GIAO method. Then calculated 1H and 13C NMR chemical shifts compared with the experimental values (see Table 4 ). 
Natural charge analysis
The atomic charges play an important role on molecular polarizability, dipole moment, electronic structure and lot of related properties of molecular systems. The charge distributions over the atoms suggest the formation of donor and acceptor pairs involving the charge transferring the molecule. We calculated the charge distributions for equilibrium geometry of the title compound by the NBO (natural charge) charges [28] using the HF/6-311++G** and B3LYP/6-311++G** levels.
The calculated natural charges are listed in Table 5 (Atoms labeling is according to Fig. 1 ). The total charge of the investigated compound is equal to zero. Also Figure 3 . Natural charges distribution of the title compound calculated using the HF/6-311++G** and B3LYP/6-311++G** levels.
P a g e | 38
Thermodynamic properties
The total energy of a molecule is the sum of translational, rotational, vibrational and electronic energies. The statistical thermochemical analysis of the title compound is carried out considering the molecule to be at room temperature of 25°C and 1 atmospheric pressure [29] . The thermodynamic parameters, such as zero point vibrational energy, rotational constant, heat capacity (C) and the entropy (S) of the title compound by HF and B3LYP methods with 6-311++G** basis set are listed in Table 6 . 
Electronic properties
Quantum chemical methods are important for obtaining information about molecular structure and electrochemical behavior. A Frontier Molecular Orbitals (FMO) analysis [26, 30] was done for the title compound using the B3LYP/6-311++G** level. The energies of two important molecular orbitals of the title compound in gas phase such as EHOMO, ELUMO and the HOMO-LUMO energy gap (∆E) of the title compound were calculated as shown in the Table 7 and Fig. 4 . The values of energy of the highest occupied molecular orbital (EHOMO) can act as an electron donor and the lowest unoccupied molecular orbital (ELUMO) can act as the electron acceptor [31] . The energy of HOMO (-6.69 eV) is directly related to the ionization potential, while the energy of LUMO (-2.54 eV) is related to the electron affinity. The title compound contains 84 occupied molecular orbital and 551 unoccupied virtual molecular orbital. As shown in Fig. 4 , the positive and negative phase is represented in green and red color respectively. The graphic pictures of orbitals in Fig. 4 show HOMO orbital of molecule is localized mainly on on one of phenyl rings and tetrazole ring, whereas LUMO orbital of molecule is localized mainly on one of phenyl rings, C=O function and C=C bond.
The HOMO-LUMO energy gap (∆E) explains the eventual charge transfer interaction taking within the molecule. As seen in Table 8 , the HOMO-LUMO energy gap (∆E) of the title compound is 4.15 eV that reflect the chemical activity of the molecule. The calculated energy gap clearly is shown in DOS plot (see Fig. 5 ) [30] .
A detail of quantum molecular descriptors of the title compound such as ionization potential (I=-EHOMO), electron affinity (A=-ELUMO), global hardness (η=I -A/2), electronegativity (χ=I + A/2), elec-tronic chemical potential (µ=-(I + A)/2) and electrophilicity (ω=µ2/2η), chemical softness (S=1/η) [26] are calculated and are listed in Table 7 . The global hardness (η) corresponds to the HOMO-LUMO energy gap. A molecule with a small energy gap has high chemical reactivity, low kinetic sta-bility and is a soft molecule, while a hard molecule has a large energy gap [32] . The ionization po-tential value (6.69 eV) obtained by DFT method also support the stability of the title molecule. Elec-tronegativity (χ) is a measure of the power of an atom or a group of atoms to attract electrons [26] and the chemical softness (S) describes the capacity of an atom or a group of atoms to receive elec-trons [26] . Dipole moment (µD) is a good measure for the asymmetric nature of a structure. The size of the dipole moment depends on the composition and dimensionality of the 3D structures. The calculated dipole moment value shows that the molecule is highly polarity in nature.
As shown in Table 7 , dipole moment and point group of the title compound is 4.7194 Debye. 
Molecular electrostatic potential (MEP)
The molecular electrostatic potential (MEP) [30, 33] was checked out by theoretical calculations using B3LYP/6-311++G** level. Molecular electrostatic potential shows the electronic density and 
NBO analysis
Natural bond orbital (NBO) analysis is important method for studying intra-and inter-molecular bonding and interaction between bonds [34] . Electron donor orbital, acceptor orbital and the interacting stabilization energy resulting from the second-order micro disturbance theory are reported in Table 8 . The electron delocalization from filled NBOs (donors) to the empty NBOs (acceptors) describes a conjugative electron transfer process between them. For each donor (i) and acceptor (j), the stabilization energy E(2) associated with the delocalization i→j is estimated [35] :
where qi is the donor orbital occupancy, εj and εi are diagonal elements and F(i,j) is the off diagonal NBO Fock matrix element. The resonance energy (E(2)) detected the quantity of participation of electrons in the resonance between atoms. The larger E(2) value, the more intensive is the interaction between electron donors and acceptor, i.e. the more donation tendency from electron donors to electron acceptors and the greater the extent of conjugation of the whole system [34] .
Delocalization of electron density between occupied Lewis-type (bond or lone pair) NBO orbitals and formally unoccupied (antibond or Rydgberg) non Lewis NBO orbitals correspond to a stabilization donor-acceptor interaction. NBO analysis has been performed for title compound at the B3LYP/6-311++G** level in order to elucidate the intramolecular, rehybridization and delocalization of elec-tron density within the molecule. The strong, moderate and weak intramolecular hyperconjugative interactions of the title compound such as π→π*, π*→π*, σ→σ*, n→σ* and n→σ* transitions are pre-sented in Table 8 . As shown in Table 8 , the resonance energies of π→π* transitions are higher than σ→σ* transitions. The intramolecular hyperconjugative interactions of the π→π* transitions that lead to a strong delocalization are such as C10-C11→C8-C9, C12-C13→C10-C11, N17-N18→N15-C16 and C19-C24→N15-C16 with resonance energies (E (2) The results of NBO analysis such as the occupation numbers with their energies for the interacting NBOs [interaction between natural bond orbital A and natural bond orbital B (A-B)] and the polarization coefficient amounts of atoms in title compound are presented using the B3LYP/6-311++G** level is summarized in Table 9 (Atoms labeling is according to has p-character (99.95%), whereas n1(O4) has p-character (60.83%). Also the natural hybrid orbital n1(N14) with low occupancy 1.48673 a.u. has p-character (99.98%), whereas n1(N15), n1(N17) and n1(N18) have p-character (59.56%), (60.78%) and (53.34%). From Table 9 , it is found that the pure p-type lone pair orbital participates the electron donation to σ*(C2-O4) for n2(O3)→σ*(C2-O4), π*(C2-O3) for n2(O4)→σ*(C2-O3) and σ*(N17-N18) for n1(N14)→σ*(N17-N18) interactions in the title compound. 
Conclusion
In the present study, the electronic structure of ethyl-(Z)-3-phenyl-2-(5-phenyl-2H-1,2,3,4-tetraazol-2-yl)-2-propenoate has been analyzed using the HF and DFT calculations (HF/6-311++G** and B3LYP/6-311++G** levels). From the theoretical and experimental geometric parameters values, it can be seen experimental values are in good agreement with the theoretical values.
According to results of 1H and 13C NMR chemical shifts, it can be seen a good agreement between experimental and calculated values. The natural charge (NBO) analysis of the title compound shows that the highest positive charge is observed for C2 atom due to attachment to O3 and O4 atoms and their electron-withdrawing nature, therefore it is more acidic. The FMO analysis suggests that charge transfer is taking place within the molecule. From the MEP map, it can be seen negative region of the title compound is mainly focused on O3 atom, phenyl and tetrazole rings, therefore they suitable site for electrophilic attack. According to the results of NBO analysis, the π*→π* transitions have the highest resonance energies compared with other interactions of the title compound such as C2-O3→C1-C7, N15-C16→C19-C24 and N17-N18→N15-C16 that lead to stability of the title compound.
